WG2/48 lrev. A) 9710/94
MSS Feader Link Interterenco into LMDS Recoivers

1 |Working Group 2: Computation and Modeling Ad Hoc Committes 9/19/94

2 s e ] e —— s ot | = mc 8 s
3 [LMDS System Paramatars )

; flvmm Proponant - :Su-lo 3 - Ty
L5 |Llnk Sub 16 Hub
"6 |Moduistien [T OPSKar AM | T HUDF‘:ASW
_1 |Oigitsl Data Rate - V844 Mbps Y
_8 [Channel Bsndwidth - "‘ RV To ~ T M

_9 ]Antonns Pottern Usaed N T Froponerl

10 |Date/Revision of System Petarnaters WG 1152 CTlgiisiga ey T - 5778194 Rev3

AN EN ] A b B -

12 [Peodet Link System ~iRDIUM 1RIDIUM

13 .

98 Rsquitad Peth Loss 48 3713 XTI TS - - -

89 | Margin st 1 km (clant skyl a8 T 'l 1823 128 1% Tig4 A8, ATIN
100 Required Separation (clesr sky, na radio horizon) xm 973 55.0 3 : " 3. u. 20.8
101 Margin st 1 km {3.7 dB rain attenustion en Intetferanca) L] 48,7 36,7 728, T3 — 0' '°~ 20.1
102 Aequired Separation (21 mm/ht tain on Interfsrance up to 4 km} km ” 367 6.5 Y X :' 1-0 0"4 ;f
1031 _Psth Loss Aliocation: . s .
104] _ Frae Space 8 1531 1462 1371 29, :

106 Atmosphere T 33 ~3 = : 127' 12;.? |1g.3 \og.;
108 Rein dB 14.5 4.8 Y. ’ : 3" "s °.3
107]_LMOS 8 degres Sidelobe : .

108 Aequired Path Loss g8 4213 -162.4 162, KK 108.4 I3 Y =53
108 Margin at 1 ken (cless sky) d8 404 40.4 T304 38 T ~‘ .! ? .7
110 Required Separstion (clesr sky, no radio horiton) km 373 555 30 5 0- k ’.c 0,0
1" Margin st 1 km (3.7 dB rein sttanuation on Intarfarenca) d8 45,7 .38.7 36,7 1714 20, “: “'2 53-4
112 Requited Saparation {21 mm/ht rain on interforence up 16 4 km) km 36.7 16.8 8.9 2.3 0, 0.4}, - )‘o O‘O
113] Path Leas Altacation: 1 : :
114 Fred Space d8 163.4 148.2 137,2 120. <. -

115] __Atmosphers a8 37 1.7 0.8 0. 10(:., ) ? :3 °3'3 7:‘2
118, _Asa a8 g 148 a8 8. 0. 6,21 Xi 5.0
117{ LMDS 45 degree Sidelobe - : :
118]  Requirad Peth Loss uB 713 1824 18323 1) IR I 5 et
119 Margin st 1 km [clear sky) 1] Ta9.4 404 0.4 TN 33 73 3 . s |'s
120 Requlred Separation (clesr sky, no radie hotlron] km 973 . . 25.0 . 0. 0.0 o‘ o.o
121 Margin st 1 km (3.7 dB rein sttenuation on intarfersncal d8 L4587 .38, 28.7 12,4 37, 61 56:3 TN
122 Required Saparation (21 mm/he raln on interfarancs up to 4 km) xm 36.71 . *8.9 .3 0. X 0.0 o'o
123{ Path Loas Altocation: - :
124 Fres Space d8 1531 146.2 117.2 129. 883 79,3 373 T
125] Atmosphers 4 17 T, X o 8.8 0.0 0. X
126) _Rein g8 K] UL T8 8. 0.1 6.0 6.0 0.6
127] LMDS 180 degres Backiobe . N i :
128] __ Raquitad Path Loas @ 371.3 162.4 1833 1981 i1, X 8.3 9.1
129 Margin at | km {clear sky) g8 A9 AL - .A0.4f - 30.4 . 18.1 39.81 03 9 1 Y
130 Raquired Separation {cleer sky, no radio hotizon) km A 97.3 55.9 25.0 T" 0.0 0.0 0.0 )
13 Margin at 1 km {3.7 dB raln sttenustion on Interfarance) 98 L -38.7] 226.7 T2.4 233 573 373 6.8
132 Noquired Separetion (21 mm/iv toln on Intorforonco up 10 4 km). km ‘ 36.7) 10.5 3 3 - 30 55 BRI B
133| Psth Loss Allocation: - s

134 Free Space - a8 e 153,10 146.2 192.2 129.2 82.3 a 134 61.3 49,1
135 Atmosphere - d8 A 1.7 0.8 0.2 0.0 0.0 Y ......o.'b. -
138 Rain dB 14§ 14.5 14.6 0.8 0.0 0.0 9.0 0:0
137 T - N

138 . - i '

139]LMDS Signat: rain Sstellita Signal: rain -“ ! ome
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WG2/48 frev. 1) 8/19/84
MSS Feader Link Intarterance into LMDS Receivers

1 |Working Group 2: Computation and Modeling Ad Hoec Committes 9/19/94
2
:g: LMOS Systam Parametars I
4 |Systam Proponent __Suite 12 Video/Phene N
5 [Link Sub to Hub Hub 10 11'1b
€ [Modulstion _QPSK or AM ™M |
1. |Digitat Data Rate 1,544 Mbps NIA
8 [Channel Bandwlidth . tMHE | 20 MHt
9 JAntenna Pattern Used Proponent Propenent N
10 [Oate/Revision of System Parameters WG 1/52 8/16/94 Rev 3 ) 9/16/94 Pev 3 i
11 |Foader Link System RIDIUM 1AIDIUM '
€S angla from boresight ) 5 10 20 4
LMOS Borasight : : 10 T 20 =
Required Peth Loss [T] :186.3 177.4 <162.3 v 183, +149.5 1140,4 $130.3 1]
Margin at 1 km {cloae sky) d8 -84.4 -88.4 45.4 W31, +27.4 8. 8.4 *
Requited Saparstion {clest sky, no radio horizon) *m 189.5 131.68 72.2 . 9, . .8 0.
Margin ot 1 km (3.7 dB rain sttenustion on interferanca) d8 -60.7 81,7 41,7 27,4 <23, 14, 4.7 0.
Required Saparstion {21 mm/ht tain on Interference up to 4 km) km 99.9 7.8 28, . 8.4 4.3 2, A 0.4
Psth Loss Aflocation: —
Fras Spece d8 161.8 1857, 150. 137, 134.4 130.1 124.8 114.4
Atmosphers dB 10.0 (X 2.¢ 0. 0.4 ! 0. 0.0
Rain d8 14.5 148 14, 14, 14,8 8. 5. 1.8
LMDS 8 degree Sidelobe
Reguired Path Loss d8 -186.) 17724 +187.3 BEER 1120.4 KEKN
Margin at 1 km {closr sky) g8 -64.4 -85.4 48,4 «31. 1, 10.4
Requited Saparation (clest sky, no tadio horlzon) km 189.8 131,68 17, 8. 0. 0.8
Margin ot 1 km (3.7 dB rain sttenustion on intaferanca) d8 -60.7 51,7 49, 27,4 g, 14,
Aequired Separstion {21 mm/he rain on Intarferance up 1o 4 kmi km 99.9 $7.8 28, X 0. 0.3
Path Loss Altocetlon: . RO PO PO P —— o
Fras 5poce 48 S I T 157.1 180, 137, 118.0 110.4]
Atmosphete dB 10.0 8, 2. 0. 0. 0.0
Rain d8 14.5 14, 14, 14, 2.4 - 1.0
LMDS 48 degree Sidelobe . | »
Required Path Loss d8 -196.3 -127.4 .182.3 183, +103. 9441 - 84,3 701
Margin at 1 km (clear sky) dB -84.4 :58.4 48.4 -39, 18, 272.8]° 37.8 $1.8
Requited Separation (clast sky, no radio horzon) km 109.5 131.6 27.2 .8 0. 0.0] 0.0 0.0
Margin at 1 km (3.7 dB rain sttenuation on interforance) 4B .60.7 61,7 4.7 2274 22, 31,2 41.3 58,8
Required Ssparation (21 mm/he taln 80 intarference up 1o 4 km) km 99.8 57.8 28. A 0, 0.0 0.0 0.0
| _Path Loss Aflocation: ———— _l.. S —
Free Space d " 1600 157, 180, 137, 102, 94,21 """ RAd TUFeA
Atmosphers d 10.0 S8 2.8 0. .0 Q. 0.0 0.0
faln d 14.8 14, 14, 14, X 0 0.0 0.0
LMOS 180 degree Backiode . - -
Requited Path Lose a8 -188.2 177.4 167 183.41 97, +88.4 .78 44,1
Margin at 1 km {clasr sky) a8 - :04.4 :88.4 248.4 231, 24, 33. 4, $7.8
Aequired Separation (eleat sky, no radio horizon} km 189.% 131,68 2 L1080 0. 0.0 0.0 0.0
Margin at 1 ke (3.7 dB raln attenuation on Intarferonce) ds -80.7 -81.7 41, .27, 28,3 37, 49,3 81.6
Required Separation (21 mm/he 8in on Intarferencs up to 4 kmi km 99.9 7.8 28, © 8,4 0, . 0.0 0.0 0.0
177 Path Loas Allocatlon: "
Frea Space g0 ] 161.8 187, 150. 132, 97.1 88, 78.3 84,1
Atmosphere ! d8 L 10.0] [X: 2. 0.6 0.0 0.0 0.0 0.0
fRain dB 14.5 i4.8 14, 14, 0.2 0.1 0.0 0.0
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WG2/48 trav. 4) 9/19/94
PSS Fandar Link Intetlotence inte LMDS Rocaivars

obeg

o _\{\{o[glig_gﬁpgp_g.:‘gomputatlon and Modeling Ad Hoc Committea 9/19/94
3 MAS S i e s — a e ma JPUP IRV S
~3_[LMDS System Paramatars e Rt OSSO SUUUUSUUIIU! SEPURUPUN . a omaminns JUTPRURUURPRUPIY FRRPROTPUIN IO
4 |Systam Proponent Vidgo/Phona Vidao/Phone
Link Hub to Sub Sub to Hub -
Modulstion AM 18 QAM -
Digits! Data Rate N/A 48 Mbps
8_|Channel Bandwidth taAMHL | 22.8 MH? -
9 _|Antenna Pattern Used Proponent Proponent
0 {Data/Revision of Systam Parsmaters WG 1/52 9/16/94 Aev 3 ] 8/18/94 Rav 3
1
12 [Feeder Link System IRIDIUM
3 i
4 [Raquired Seperation {elesr sky, Incl. 100 km radio horizon) ) . -
5 |£S engle from boresight 5 1 ] N T =
8 ILMOS recelvet pointing sngls > 2 18 ‘ - ‘m, " 20 48/
17 oresight km 69.6 8.7 14,7 § . 3
8 Degrea Sidslobe km 5.1 1.9 0.6 g.‘ s 1 ‘ ;g gf
5748 Degres Sideiob im 0.8 .3 0. 6.0 5 o 0.0 )
20 {180 Degres Backiod km 0.4 0.1 0.0 .00 3. 0.00 .0 X3
21 -
22 |Caleulations —_
23 -
24 {LMDS Signal Link Carrlat Lavel at Coll Edge 1T Tlear Sky__ - Asin Conditions Cioat Sky PPETY I Akt e Ao
26 [Transmitted Power dBW/chnnael 16.8 -18.8 .20 20 -
28 [Transmitter Antenna Gain dei 29.7 29.7 3 3
27 |EIRP {claat sky) dBWilchannel 13.9 13, i 0
28 Power Control (rain) d8 0 5, 0 3.
29 [Distance te Coll Edga km 1.61 1.8 1.1 1.8
30 [Rain Attanustion (cell edge) d8 0 .8, .5,
31 [Frae Space Path Losa (cell edge) d8 -125.9 <128, +128, 128,
32 |Recaivar Antenna Gain d8i 38 3 R .
33 [Carrlet Laval at Cell Edge dBWichannel 74.0) 74,0 +78.0 .78.0
J4 |Notes: : — VPRI IR PR
“35 | Reln attenuation from WG 1/62 trov. J) - —— - .
368 | Powet control 18 the minimum necassary Lo ovarcoma rain fnde without exesrding maximum Vidoo/Phone mnx power control: 11 dB s Video/Phons max power eontrelt 10 dB
37
a8 - . .
39 [interisrance Denslty o UMOS "~ | L[ ceeSty q o L {Rein Conditloas | f ] - Glenr Sky Rain Conditiont
T A ety Eonatani] P 7788 =t YT | ittt e Y EEREE
41 [Recoivar Nolse Figure e d8 . 1.8 i ) R R X 1 -
“42 {Rocaivet Nolse Temparatute K . 183 83§
43 [Channel Bandwidih MH! —_—
“42 {Racolvet Nolse Floor dewiehannal. 1 | . 2128,
“48 |Minimum Requirad C/IN 1 - d8 por_chnnnel " g2f — ¥
48 jCall Edge C/N d8 54,
47 |Coll Edga CIN ingar 29160
48 [Required C/N 4 1) ~ linear 15848 1
49 |Maximum Acceptable interference dBWichanral | T120.5 R L
"§0 |Maximum Acceptabls Intarferance Density d8WwiMe :197.2 1197.2 +178.8 y
S1 [Notes: : —
52
53 .
§4 [Intarference Density Genersted O SN
55 |iRIDIUM Faeder Links Into LMDS Recrivars
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WG2/48 (rov. 4) 9/19/94
MSS Facdar Link Interforanco Into LMDS Rocolvers

1 |Working Group 2: Computation and Modeling Ad Hoc Committee 9/19/94
3 i
3 [LMDS Systam Paramaters - -
4 |System Proponent _Video/Phong Vidso/Phone
§ [Link Hub to Sub Sub to Hud
8 _[{Modulstion AM -
?_|Digltal Deta Rate N/A A ) o
_8 [Chsnnel Bandwidth 4.2 MHy 2 o
§_|Antenna Pattern Usad Proponent Pvzc;:o:'a’:\tl —
10 _[Data/Ravislon of System Paramaters
’ y! WG 1/52 9/16/94 Rov 3 0/16/94 Rev 3
12 |Feeder Link System 'RIDIUM
13
8 .
57 1ES angle from boresight degroes 5 1
58 |Earth Statlon Output Power (no rain) dBWi/channe! 12,8 K (: 1 2? X - 1 : 1 16 N 2! 2
9 [Siant Path Length km 3740 FEF 1732.4 : TR FIN FE a2
0 [Power Contrel {slant path) d8 1.8 . 0.0 7:’. 100. : ¢, ': 2328, 17324 100%.
1 Antenne Qsln_ : a8 128 7.0 0. 10, TN 3. o To.¢
82 |Single Channel BW MH; T8 1378 437 437 y y 33 37
83 [Number of Interfering Chennels d8 0 [) : 2.37 4,37 4.37 "”! 4.97
84 |LMDS Recelver Bandwlidth . MH2 20 20 20 20 22 2 3
85 intarfarence Dansity Subtotel (clasr sky) dBW/H :69.8 -78.8 .88.9 +103.4 6 : : :: 1:3
66 [Rain Rata mm/he Not Used Not Used Not Used . Not Uted - : N = = — - :
C ot Usad Not Used Not Used N
:a :::\:(Lh.:; ::':hf:"gh — :m Not Used Not Usad Not Used Not Used Not Used Not Used Not Used N:: 3:::
U m Nat Used Not Usad Not Used Not Used N
89 [Rain Attenustion g8 s s 18 el atied___jfotthed___Nol Uasd
70 Pow:r Control (rain} - d8 15.0 15.0 18.0 18.0 1] 18 18.0 H‘g ‘
71 Jinteriarance Density Subtotal {raln on signal psth} dBWINL 548 3.8 738 NIK 55 "IN - -
72 |Notest - 82.3 81, 1.4 8.6
73| Antanna Gain is the maximum elavation pattern gain in the ditaction of tha LMOS receiver w

the earth station Is pointing In tha direction of the LMDS receiver

Antenna Qein is 32-28 ‘logithets)
. i

Powaer Control {siant path) ls the ditterancs In EIRP required to ofisat the path loss along b
Eb/NO at the sateltite recalvet 1

The default slant path (O 6B power control) is for 8 10 degree olavetion anglo

Totsl Powat Control {raln plus slant path) cannot exceed 24.8 dB e

Interfarance Dansity Subtotal ealculated basad on AWGN sssumption N
may be & low estimate of Interfarance i T -

Lin Model ugad for tsin attenustion on intarisrence path .
Assuma roin fade of 18 dB on satellite signal path

Maximum rain cell 4 ke long T

'|CMOS Roceiver Antanna Gain o . B X

Boresight dp! 18 . - I
S Degres Sidelobs : d8i 9.1 18
45 Degres Sldelobe L dBi .8 X I;
180 D.quo_ancklobo d8’ 14 12,
Nota: P : - =
t

Negative margin Indicates C/IN + 1) objective not met st 1 km separation

AN path loss velues Indicate positive loss (nsgative o8in) ragnrdiass of sign
T T

LMDS Signatl: clear sky, Satellite Signal: cloar sky ,
€S sngle from boresight T

" LMDS Boresight
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WGO2/A0 tinv. A} 6710194
MZS Feedar Link Interferenco Into LMDS Racolivors

Working Group 2: Computstion and Modeling Ad Hoc Committes 9/19/94

LMDS System Parametars

1
2
2
4
5
8
1 _[Oigitat Dsts Rate

f;yium Proponent .Yideo/Phone Video/Phene
n Hub to g
Modulstion } AMS‘"’ Sub '°°A"::b
NIA 48 Mbps
8 _|Channel Bandwidth 3.2 MH? I T
9 |Antanna Pattern Used Proponent Pu;ooninl
_:C‘J Dote/Revision of Systarn Parameters WG 1/52 9/10/94 Rov 3 3716/94 Rev 3
12 |Feadar Link System T P
13
88 Requirad Path Loss 98 -165.4 -188. . X XYYR
99 | Margin et 1 km (clear sky] : ) 35 g:? 1::‘ ‘?; 1.: : ".- :g "iz- -107.9
100 Required Separation (clesr sky, no radio horiren) xm iie TN ™ ‘- . , .0, 14.0
101 Matgin 8t 1 km (3.7 B rain sttenuation on Intarfetance) [T .39.8 230.8 20, ‘ - L < : 0.2
102 Requited Separation (21 mm/hr tain on Intarferancs up 10 4 km) km 22.0 3. 3 . X 3. 12.7
103(_Path Loss Aliocation: ' : : 0.7 0.2
104 Free Space dB 1487 TA1.0 1378 - -
105 _Atmosphere 48 " 5 =2 1292 130, 128, 1K 571
108 _Raln g8 148 T4, 134 6.0 0. 8.0 2.8 %)
107] LMDS 8 degres Sidelode : . .
108 Requited Path Loss I'T:) 1365 KFEK] KL o33 W - ~
109 Margln ot 1 km (ciast sky] A9 146 e o '? "’ ‘.1 ." ‘2-9'-‘ 1 : -1?;.2
110 Required Sepacation [clear sky, no radio hotlren) km 30 1.9 .4 ) - 3 0. =
1 Margin 8t 1 km (3.7 d8 raln attenuation on intarfaranca) dB 0.9 1.9 s, 33.4 i 3 '; ’- 20'7
112 Requited Saparstion (21 mm/he rain on intarfarenca up to 4 km) km 2. 1.2 0.8 0.1 N " o' 0'1
113] _Path Loss Alloestion: . : .
114 Free Space d8 128.4 123.4 118.8 102, 129, X
115]  Atmosphers a8 0.2 o 00 55 2 ; ”3‘ ] '3:0 103-3
118 Reln dB 7.8 4: 1.8 0.4 8.) Y 2 O'S
117] LMDS 45 degree Sidelobs : .
] Requited Path Loss d8 119.4 110, 100.4 86, 107, TR 53 553
3 Margin st 4 km | laar thy) B » : . AE '0
<] Required Saparation felesr ghy, no tedio horzoni - - 0'0
21 Margin at 1 km (3.7 df rain ettenustion on interferance) - : s‘A‘,
122 Asquired Separation (21 mm/he raln on interferanca up to 4 km) 0‘0
123] _ Path Loss Allecstion: .
124 Frae Space )
128 Atmosphere '6"(')
1267 Rain ~ o
127| LMDS 180 degras 8ackiobe 0.8
128 Roquirad Path Loss 863
120 ("7 Margin at 1 km (claot thy! em 93
130]" " equired Beparaiton fetane sky, e tndfio horlzoni 6.7
131 Margin a1 km (3.7 d8 raln attenuation on Intarfarencel 60':'( .
732 _ Requited Seperation (21 mmihi 1ain on interferance up to & km)- X
133] Path Logs Allocstion:
134 Fres Spece . %
135 Atmosphare 5
138 Raln 5
137 )
138
129|LMDS Signal: rain Satelllte Signal: raln
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WG48 frev. 41 9716794
23S Faedne Link Interteienca Into LMOS Neceivars

1_|Working Group 2; Computation and Modeling Ad Ho¢c Committas 9/19/94
-2:“— — — -?__:_ [ N - — v et
37 |{MOS Eyatam Paramatars R e ar | e e mm e ISR J ISPV RFHPIUUTRIRRI I I B
4 {System Proponsnt Vidao/Phons VideolPi ens |
5 lLink Hub to Sub Subtotid |
8 [Modulstion AM 18 QAM
7 1Diglts! Dats Rete N/A 4% Mbps
8 [Channal Bandwidth - 4.2 MH2 22.8 MMt
9 [Antanns Pattern Usad Proponant Propone nt
10 [Data/Revision of System Parameters WG 1/52 9/16/94 Rav 3 0/18/04 Fev 3
13
2 |Faader Link System IRIDIUM -
$40]ES angle from boresight ] 10 20 48 8]- 10] © 20 48
141] LMDS Boresipht i
142 Asquired Path Loss df -180.4 121.5 (1614 147, :186.2 147, 137, 122.8
23] Margin at 1 km [clase sky} N 58,8 .49.8 -39.8 .28, 443 128, 18, 1.0
144 Requitad Separation (clesr aky, no tadlo harlzon) km 150.4 98.1 52, , KER 3, ' K
146 Margin st 1 km (3.7 dB rsin attenustion on interfarence! df .54.8 48,8 35.8 .21, -30. 21,8 TR 7
148 Required Separation (21 mmi/hr raln on Intarferanco up to 4 km) km 70.7 a7t 5.0 3.7 8, 3. 2.4 0.8
147] Psth Loas Al lon: -
48| Fres Space d8 1588|1533 148, 1332 140, 133.3 128. 119.9
120 Atmosohere a8 N 3.7 0.4 0. 9.4 0, X1
180] _ Raln d8 - 145 14,8 4.8 13.8 1A, 13, 8. 30|
151 (MDS 8 degree Sidelode
152 Raquired Path Loss de .151.8 142, 1328 +118.2 +183. 1144,2 134, 110.0
163] __ Margin at 1 km lclear sky) d8 T R X R ) 0.8 1.7 A1, 222.4 3.3 75
152 Required Separation (clasr aky, no radlo horiton) km 23.3 . F 0.7 y, 17 e X
158 Margin ot 1 km (3.7 dB reln atisnustion on Intarfaranca) da .28.9 16.9 +8.8 7.4 27, .18, -8, [ %1
158 Raquired Separation {21 mm/ht rain on interfarence up to 4 km) km 5.4 3.0 \ 0.8 8. 3 K 0.6
15 Path Loss ANloestion: .
168 Free Spsce dB o r3eal 1313 1286, 118, 138, 1320127, 112,
189 Atmoaphere dn 05 _ 8.3 0. o. B 8.3~ — % 1 ]
160 Rain dB _ 14.5) 10.9 8. 2.0 14, 19, 8. 2,3 !
181] LMDS 45 degree Sidelobe
182 Aequired Path Loss dé 134.4 128 <118.4 1014, 422, +113,2 +103, -58.9
163 Margin st 1 km {clape sky) ds 126 -3, ‘8.8 20. -0, 8.7 18, 33.0
164 Requited Separation lelaar sky, no radio horlzon) km 4.1 1, 0. 0, .0 0.4 0, 0.0
165 Margin ot 1 km (3.7 dB rain sttenuation on Intarferance) ds 8.8 0.2 10.2 24.1 .. . 124 22,8 36,7
186 Requited Separation (21 mm/hr rain on intarforence up to 4 kmi km ol 1.9 1.0 0.4 0. 1).0 0.3 0. 0.0
167 Poth Loss Afiocstion: e
T68|  Free 5psch - a8 B E 21 B TN 113.8 100.8 110, 112.0 1027|889
163 Almosphere dg O P | IO X 6.0 0.0] b. 0.0 S -1 U X
360" " Rein T T Y FURUUN X 1 DU X 1.8 0.3 2.4 1.3 0.4 e
T31|  LMOS 180 degree Backlobe e - -
172] __Regquired Path Loss a8 128.4 119.8 :109.4 95 413, 1048 TIN -80.2
173 Margln at1_km {clast sky) dB N 6.5 1.8 11 28.8 8.4 17.4 12, 41.?
174 Required Separstion (clear aky, no radlo hodzon) km 2.1 9. 0. i 0.4 0. 0. 0.0
175 Matgin at 1 km (3.7 dB rain sttenuation on Interiarance) df o 2.8 8. 18. 30, 12. 21, 1, 48.4
176 Requlred Separation (21 mm/he rain on intatfarance up 10 4 km) km 1.2 0.6 0. 0. 0.2 0. 0. 0.0 "y
177] Path Less Alocstlon: ! T
178 fras Space ' ¢8 123.7 1172.2 108, 88.0 112.2 104.1 94,3 80.2 {s]
179] —_Atmasphare — a8 7 X1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 o
186 Rain dB 18 2.2 0.8 0.2 1.2 0.8 0.2 0.0 |
'-J
W
?

B



VIG2/A0 trov A) 9/19/94

LASS Fepgar Link Interfotenca into LMDS Roceivers

! |Working "Qr_qpp__gz_ggmggt_a}lpnpﬁnc_j_!\_/lg_d_eling Ad Hoe Committes 9/19/94
2 i s - - LR - e on man s,
3 |LMOS System Paramaters - - -
4 iSystem Proponent Video/Phone T1 Dig Hub £1
5 |LInk Sub to Hub Hub to Sub
: g/lodullgm - QPSK aPsK
igital Data Aate 1.544 Mbps y
8_{Channal Bandwidth 1.544 MH1 55%?‘:
9 |Antanna Psttern Used Proponent Proponant
10 |Dats/Ravision of System Psramatars WG 1/52 9/16/94 Rev 3 “10716/94 Rev 3
: <
12 [Feedet Link System -
1
14 [Roquired Separation {cleae sky, Incl. 100 km radio harlzon)
18 |ES angle from boresight 5 20 3 10 20
18 [LMOS recelvar pointing angle -
17 |_ Borasight xm 12 1. 0.4 3 '
18 | 6 Degres Sidslobe km 2.3 0. K : “': ;' gg
18 | 48 Dagres Sidelobe km 0.1 0.0 0.0 : :o ). 0.1
20740 Dogras Backiobs m 0.0 0.0 5.0 ) 0 0.1 X
1 oo .
22 |Calculations
23
24 TLMDS Signal Link Carriar Lavel st Coll Edge |__Clasr Sky Rain Conditlons Clont Sky Reln Conditions
28 |Transmitted Powet dBWichannel -28 28 A ]
28 {Transmitter Antenns Galn g8l 38 38 [ j
27 {EIRP (cloat sky) dBWi/chaanal 10 10
28 [Pawat Controt {reln} d8 [) [ 1 -
29 [Distance to Cell Edge km 1.01 1.8
30 [Rain Attenuation {csll adge} d 0 .5. 3
31 [Free Space Path Losa (call adge) d 1128.6 <128, «138, +138.8
32 |Receiver Antannas Qalin dBl 29.9 i 34 34
33 [Carrlor Lavel ot Coll Edpe dBWichannel -86.0 .0 101, +104.8
34 [Notas: . =
28 | Rein sttenuation from Wa1/52 (rev, 3 Antenna gaing include peinting loss
38 | Power control Is tha minlmum necessary to ovarcome rain lsde without axceeding maximur{Video/Phons max power control: 8 dB T1 max powet eontrol: 12 d8
?
Intatferance Density Into LMDS Clear Sky Raln Conditlor Clanr Sky o " [Asin Conditions
40 |k (Boitzmann's Constent) dBW/K/H2 -228 8 2228, .228.8] - 2188
41 [Recelvar Nolsa Flgure d8 1.5 . -
42 |Racalvet Nolse Tampersture X 1 1631] 163
43 [Channel Bandwidih MHE o154 1.844
44 |Rocaivat Nolss Fioot dBWichonnel 134.6 434.6 .
45 |Minimum Requited C/IN + 1} d8 per channel 13 i . * -
48 [Cell Edge C/N d8 48.5 48, ) 6
47 [Cell Edge C/N linaat 71449 7149 28
“a8 [Required C/IN +1) lina ot 200 20 20
49 Max!mum_&gﬂ_ﬂabu Interference dBW/chanrat :99.01 99.0 KRR ITii‘.i;" -
50 |Meaximum Acceptable intsrfarance Density dBW/H: 160.9 180.9 RTIN W T261.7
51 [Notes:
§2 —
83 - —_—
T4 [iniorterence Dansity Genorated 1 | - -
55 HIATOIUM Feader Links into LMDS Recolvers -
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WG2/48 (rev. 4) 8/19/94
MSS Fendnar Link lntartercnca into LMDS fAaceivars

Working Group 2: Computation and Modallng Ad Hoc Committes 9/19/94

1
2 [UIOR DRPIU U I JRSRE P P! FRROURSPOTUU IRUIRUUURI JO0S
3 _|LMDS System Parameters T - ——
2 flyskmm Propanent VideoiPhone | _ 71 Dig Hub 71
n
8 [Modulation SUZ;%?&D Hubte Sub L
7" [oigital Dste Rete T5a% Mons L LI R
8_[Channal Bandwidth V544 MHr ': Mbps
190 gmennl Pattern Used Prooonent P':p:"::‘
L ote/Ravision of System Parameters w0 1/52 9/16/94 Aev 3 3718194 Pev3
12 |Foader Link System -
13
5€
57 |ES angle from boresight degrecs 3 10 70 r
g: lsmh :mlcn Output Powaer (no raln) dBWi/channal 72.0 12.8 YN < : ] - 20 - 4:
tant Path Length xm 7 - . si o ¥ 1} 212, 12,
60 [Power Control (slent path) dB 27‘::; “20"; 173. 4 '°°. : 2241, 2328, 1733.4 1008.6
81 :lnunnehom ; T T4s 50 0 .10- . r-_,.._. gt;_.t .0. 10:1
ngle Channet BW MH1 4. - - < 2 : ) 0.
Numbat of Intadfering Channels a8 37; 2 ”: "“0 T 4.97 4.37 A 4,97
84 [LMOS Recelver Bandwlidth MH1 1,544 1,544 1.044 1.844 3 3
Intarference Density Subtotal {clasr sky) dBW/H1 58,7 87,7 573 _'"'o 80 <3 -0750 ‘0152
fl'ﬂ Aste mm/he Not Utad Nol Used Not Used No{ Used Not Used Not Used NolUted _ |NetUmed
eﬁmtxwmﬁmmn r %%u: Not Used Noi Used Not Used Not Used Not Usad Neot Uned Not Usad
m ot Uso H
55 [Rein Adanuation - = ot Used = Not Used = Not Used = Not Used = Not Used o Not Used Not Used
70 [Powat Com'g Train) : d8 150 8.0 18.0 180 0 18.0 \5‘ g ‘513
71 {Intarfer nelt { {raln on signsl ) . - - U :
o N;:“ol snce Danslty Subtotal (raln on signat path) dB8W/H! 417 52.7 82.7 72,0 .$3.0 .61.9 72,0 2882
73 | Antenns Gain is the meximum alsvation pattarn gain In the direction of the LMOS roceiver e
74 the sarth statlon I polnting in tha diraction of the LMDS teceiver
75 ] Antenna Qein Is 32-26 ‘logithats)
76 | Power Control {siant path} Is the differance in EIRP tequirad tn oflsel tha path loss along (h
27 £b/No ot the sstellite recelvar
781 The default slsnt path {0 dB power controll Is 1or 8 10 degros elevation engle .
70 | Total Pewer Contrel {raln plus slant path) cannot axcesad 24.8 B8
80 | Intarference Density Subtotal ealculoted besed 6n AWGN assumption - v O
8 may be 8 jow astimate of intarferonce - AL —-
21 Lin Model usad for rsin sttenustion on intarferance path -
83| _Assume eain fade of 15 dB on satallita signn! path
84 | Maximum tein cell 4 km long - ':___': _' e - —— —
88 T .
88 RN -
“87_|LMOS Recolver Antonna Galn . o R - o aiea
88 | Boresight ¢8! Tyl T Tt -1 L O EEpY 71 el
89 | 5 Degree Sidelobe g8l 2691 12,
90 | 48 Degree Sidelobe 48i Ay -
91 | 180 Degree Backiob dBi 128 - s ena b
92 |Note: | S '_ m P T
EEAR ngmlvo mmoIn indicotes C/IN 4 ) objoctive not mat av 1 km saparaiion | - _ sl R bt ———— an e
94 | Al poth Tota vaiues lndlcm ponnlvo logs (noqnnvo onlnl !oomdlnu ofglon . _ i bt
o8 [LMODS Signal: clear sky, Satailite Signal: clasr sky BN ) . e 2
98 [ES angla from boresight e 10 20 I 7Y ettt U Py 2
47 | IMDS Boresight T - ! - 3 10f, SO IR |
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WG2/48 trav, 4) 9/19/94
MSS Feeder Uink Interference Into LMDS Raceivers

+ [Working Group 2: Computation snd Modeling Ad Hoc Committee 9/19/94 __.J

2 o f e . -

"3 [LMDS System Paramatars _M_.‘: B R R O T T I N =T

4_{System Proponent ) Vidoo/Phona | Ti Dig Hub 71 —t-

S |Link Sub 1o Hub Hub to Sub

8 {Modulstion QPSX OpsSK

7 _|Digitsl Dats Rate 1,644 Mhps 82 Mbps

8 _[Channe! Bandwidth 1,544 MH; 52 MH2

9 _]Antenna Pattern Usad |_Proponent i Proponant

_10 |Data/Ravislon of System Parsmoters WG 1152 18116/94 Rev 3 0/18/94 Rav 3 -

1

12 [Fasdet Link System

13

98 Requlirad Path Loss ¢B TN 1123.2 113, .00.9 +181.2 «182.4 142, 1279

99 Margin ot 1 km (clest sky) LL:] -10.2 01,3 [X. * 23.0 +39.2 30, .20, .8.0

100 Required Separation (clear sky, no radio horlzon) km 3.2 .2 0.4 0. 51,1 A, 9.3 .0

101 Margln ot 1 km (3,7 dB rain stienuation on interferance) d8 8.8 .4 12.8 26.? .38, .28, 18, 2.3

102 Requlred Sepacation {21 mm/he rain on Interfarencs up to 4 km) km 1.6 0.8 0.3 0. 4, 5. 2, 2

103  Path Loss Afiocstion:

104 Frae Space []:] 126.0 120, 111.9 1v00.8 148, 137, 131, 123.4

105 Atmosphsre d8 0.2 0.1 0.0 0. . [X. 0. 0.1

108 Raln de | 6.0 3.0 1.2 0.3 14, 14,8 10, 4.4

107] LMDS 8 degree Sidelode

108 Required Peth Loss d8 129.1 120.2 110, -95.9 134 120, 0 1107 1085.8
109]__ Margln st 1 km tclear sky) d8 e 2.2 1.7 11.8 268.0 18, 17,8 .2 16.4

1o Required Separation iclear sky, no tadio horizont ke o 2.3 0.8 0.3 0.1 X 2,4 0.8 0.2

[RA] Marglin st 1 km {3.7 dB rsin sttenustion en Intarforance) R L 1 T 54| 18, 29.7 13, 4.2 5.9 204[

112( " Roquired Separation {21 mrm/ht rsin on Interierancs up to 4 km) km { 1.3 0.8 0.2 0.0 2.4 A 0.8 0.4l

113]_ Path Loss Aflocation: ! -

114 Fres £p8ce d8 | 124.2 197, 109.2 08.7 129, 124, 1174 108.0

116 Atmosphars dB J 0.1 0. 0.0 .0 . 0 0.1 .0

116 Raln d8 4.8 2. 0.9 ] . N 2.2 0.5
TA7]_LMDS 485 degrae Sidelobe . ' I

118] __ Raquired Path Loss a8 301 [IW) 7%, 1IN NETN NETY | RS R aTal
119 Margin st 1 km (clesr skyl d8 | 238 32.7 42.8 87, . 0.3 .8 24.0

120 Requitad Sepstation (clesr gky, no tadio horizon) km | 0.4 0.0 0.0 0.0 X 1.0 0. 0.1

121 Margin 8t 1 km 13.7 dB raln sttanustion on Intorfarance) @0 _’ 27.5 36.4 " A8.8 80,7 .8, 3.4 13, 227 .

122 Raquired Separation {21 mmihr rein on interfarance up to 4 km) km I 01| 0.0 ~8.0 °.0 : 55 5 ——-tp

123] Psth-Loss Altocation: ! . N -
124] __Frae Space d8 97.9] 891 79.1 840 125.4 119.] 111.0 87

125 Atmosphere d8 . 00| 0.0 0.0 0.0 0. 0. 0.0 0.0
s 48 6.2 0.1 0.0 0.0 B, 1.8 1.1 0.2

127 LMDS 180 degree Backlobe AL P

128 Requirad Path Loss d8 89,4 -80.5 704 .88, +131.2 +122,7 112, :97.8

129 Margin ot 1 km {clear sky) d8 2.5 4147 $1.8 ~ 65,7 .9, .0. X 23.0

130 ﬁ?ulud Saparstion {clest sky, no tadio horl2on) km 0.0 .0 0.0 04 \ 1.0 0.1 0.1

1314 Margin 8t 1 km (3.7 dB rain attanustion on Interference) -] 23.2 45,1 58.2 89, .8, 3.4 13, 21.2

132 Raquired Separation (21 mm/he rain on intarfaronca up to 4 km km - 0.0 0.0 0.0 0.0 s 0.8 0.3 0.1

1331 Path Losa Allocation: SR —_— -

T34 Fras Space. _ d0 ol 893 _804 20.4 §8.2 128.4 . 119.3 LK1 1 2 e ]
T38|~ Almosphyre - aB o 00 8.0 0.0 0.0 0.4 b 0.0 88
136] Reln _ a8 0.1 0.0 0.0 0.0 . 5.0] 2,8 N 0.2 I
137 ! . . ]
138 —_— [P 1
139 |LMDS Slgnal: rain Satellite Signal: rain C;

7



WGE2/AB Irev AL 9/19/94
L85 Fracar Lirk Interfarence Into LMDS Recoivers

1 |Working Group 2: Computstion and Modeling Ad Hoc Committes 9/19/84 |

2
3 |UMDS System Parsmaters I

4 [Systemn Proponent __|_VvideoiPhong Ti Dig Hub 21

§ |Link Sub to Hub | Hub (0 Sud

8 [Madulatien 0PSK I3

7 _|Digitsl Data Rate 1.544 Mbps $2 Mbps

8 {Channel Bandwidth 1.544 MH) 52 MH2

9 IAntanna Pattern Used __Proponent Proponent
10 [Dste/Revision of System Paramsters WG 1152 |9/16794 Rev 3 8/18/64 Rev 3

1 :

12 [Foodar Link System ._.:_;-:.: ..: P —
13 - -

140[ES anpla lrom borasight ~ § 10 20 48 5 10 30 Y
141] (MDS Boresight L

42| _ Required Peth Loss 98 SEEA] 138.4 78, 113.9 TN 2194, 164.7 1508
143 Matgin 8t 1 km (clest sky) df .25.2 18,3 .8, 8.0 l. . .82, A2, 126.6
144 Raquired Sepsration (clesr sky, no radio horleon) xm 15.4 . 0.4 [ KIN 116. S, 1.
148 Margin st § km (3.7 d8 rein sttenustion on Intarferonce) d8 :21.5 +12.6 11.2 .58, .49, .39, 24,
148 Required Sepsration (21 mem/hr rain an Interfarance up to 4 km! km 3.7 2.4 0.3 TN 48, 0.8 3
1471 Path Loss Allocatlon: N ]

148 Free Space d8 1332 129.) 123.5 112.6 100.8 158.4 148, 135.%
149" "Awmosphare db 0.4 0.2 8.1 0.0 NNIN q, 2, 3.5
180 Asln d8 11.§ 8.7 4.5 4.3 14,8 14, 14, 4,8
151|_LMDS & degree Sidelobs

162 Aequited Path Loss d8 . 21441 135.2 125,14 110.9 +181.3 +182.4 -142,3 .128.,1
183 Margin st 1 km {clast sky) a8 . 222.2] .13 :3.2 11.0 «30.4 130, 8 .20.4 8.2
154 Raquired Sepsration (cloar sky, ne radio horlzoni km 114 4.4 4 0.3 X X il 0
158 Matgin ot | km (3.7 d8 raln sttenustion on Interfarance) d8 :18.8 9.8 0.8 14,7 8.2 .28, 18, 2.5
158] Reaquired Saparation (21 mm/hr tain on intatference up to 4 km) km b s2] 2.0 1.0 0.3 0 . 3.0 1.2
157| _Path Loss Allocation:. ——— : i

58|~ Frea Space a8 132.0(" 1271 121.8 108.0 14t 373 131.2 123.5
159 Atmoaphete dB 0.3 0.2 0. 0. : 0. 0.3 G.1
160 Rain dé 11.8 2.3 3.4 0. 14, 14, 10.4 4.5
181] LMDS 45 dagree Sidelobe .

182 Requited Path Loss 48 1131 1042 .94, 78.8 +183.7 144, 1347 120.5
163] _ Matgln et 1 km (cleat sky) d8 8.8 12.2 27, 42, 231,48 122, 12,8 1.4
164 Required Saparation (clasr sky, no radio horiton) km 0.4 0.1 a0 0. 4 R 4, 0.0
185 Margin 8t § km (3,7 dB rain sttenustion on Interferance) d8 12.5 21.4 31, 48,7 .20, ¥ 19, 9. 5.1
1668 Raquired Sapsrstion (21 mm/he rain on intarfarence up to 4 kml km 0.3 0.1 0.0 0.0 \ y K 0.8
167] Path Loss A tion: —

168 Free Space d8 191,97 103.7 93.9 79.8 130.8 132,1 127, 118.0
180 Atmosphere q8 0.0 0.0 0.0 0.0 0.7 3 0. 0.1
170 __Rain - a0 - 1.2 0.5 0.1 0.0 14, 12.4 2. 2.4
171] LMOS 180 degree Backiobe -

172 Required Path Loas 48 -104.4 98.8 -85.4 1.2 +183.7 444, +134.7 -120.8
123 Margin a1 § km {cloat sky) d8 O P 12.50 20.4 8.8 $0.2 39, 12, EN] AR 1.4
74 Required Separation (claor sky, no radio horizon) km - 0.1 0.0 0.0 0.0 X ). ] e .1
176 Mug_nil_lTkm 13.7 dB taln sttenuation on intarference) de . 21.2 30.1 40.2 54,4 2181 10, 9. 3,
178 Raquired Separation {21 mm/hr tain on Intarference up 1o 4 xmi km 0.1 0.0 0.0 0.0 .8 3.1 1, 0.8
773] Paih Loss Allocation: . e "

178 Free Space a8 _ 103.9 85.3 83.3 71.2 1146.8 132.2 122.8 118.0
179 Atmosphare N a8 b 00| 0.0 0.0 0.0 - .3 0. 0.1
180 Rain vl 0.5 0.2 0.1 0.0 14, 12,2 2.0 2.4
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WQAD trov 4) 0/10/84
LHRE Fander Urk Inteeferrncn Into LMDS Recelvery

1 |Working Group 2: Computation and Modeling Ad Hoc Committes 9/19/94
2
3 7|{MDS System Paramaters - 1 - —r
4_|Systam Proponent IR KT RS Tionsi L. T
5 fLink _SubtoHun f Hub to Sub_|
8 [Modulstion [[14 QPSX -
7 _|Olgitsl Dats Rste 52 Mbps 5.2 Mbas
B _|Channel Bandwidth 52 MH: 8.2 Mbir
5 _|Antenna Pattarn Used _ ~_Proponent Proponent
10 |Oate/Revislon of System Parameters WG 1/52 9/16/94 Rev 3 9/18/94 Pov 3
11
12 [Feodat Link System
13 . -
14 [Requitad Sepatation clesr sky, Incl, 100 km radio hotizon) - -
15 1ES angie from boresight 5 10 20 48 ) 10 20 48
16 [LMOS recelvat polnting sngle
17| Boresight km 8.4 3.2 1.0 0. 67, 35.0 14.0 3
18 | 6 Degree Sidaiobe km 8.4 3.2 1.0 0. 9. 3.6 1.2 0.2
19 [ 45 Degras Sidsloba ' 8.4 3.2 1.0 0. 44 1, 0.8 0.1
20 1 180 Degrae Backiobs km 8.4 .2 1.0 0.1 4.4 1. 0.5 0.1
21 -
22 |Calculations . R
12 —— - [T
24 [LMDS 8ignsl Link Carriar Level st Cell Edge Cieat Sky Rain Conditinng Closr Sky ﬂiin Conditlons -
25 [Transmitted Powet dBWichannel 12 12 .2 BT
268 {Transmittet Antanna Galn gBi 34 ) 34 12
27 {EIRP {cloat sky) dawilchanral 22 22 40 10
28 |Powst Control (tain) d8 0 2 0 ] E e
29 {Oistance to Celt £dge km A 5 [
10 [Asin Altenuation (cell adgel 48 o o_ — 3 ; gl .
31 [Fres Space Path Loas {cell adge) d8 1158 138, 138.8 138, "
32 [Receiver Antenna Gsin d8i R 12 y 34 34
33 [Carriat Lave! st Call Edge dBW/thannel 1101.8 104, A11.8 1148
34 iNotest
35 [ Rain attanustion from WQ1/82 lrav, 3) Antonns gaicy includg palating loss Antenna gring Intluds polniing loss -
38 | Power control 13 the minimum necesssry Lo ovarcoma rain fade without excesding maximur{TI max powar conttol: 12d8 Timox powet eontrel: 12 d8
37 ' 3
g ——— . |
38 linterfatsnce Doansity Into LMDS __Cioar Sy Rnin Conditions Claar Sky Rain Conditions
30 |k (Boltgmann's Constant) dBWIKIH? 228 6 .228. .228, 2288 T -
21 |Rocelver Nolss Figure 48 ) 8l _ A
42 [Rocelver Noise Tompersture X - 18301 1830 183 1830 ————t—-
43 |Channet Bandwidih MH2 52 52 5. ¥
44 [Aacelver Nolsa Floot daWI/channe) 1188 116.8 RYT) T ]
45 |Minimum Requirad C/tN 41 d8 per chanael 13 . 1 13 7| B L 0] el S
46 |Cell Edga C/N a8 1.8 14.0 A 12.0]- 14,0
47 |Coll Edge CIN linoa: 59 3 : 0 23
48 [Requlcad C/IN+1) linoor - 20 20 ) 20
49 [Maximum Acceptable Intarfarancs d8Wichanng! 117.0 1124.8 :122.0 +134.8
50 |Maximum Actcaptsble Intarlarencs Dansity dBW/HL (19414 :201.7 L1941 01.?
51 JNotss: : P IS,
52 PRI IV PO -nno b eas oalisatomes s maf o
X o —— e T IRURU I e
54 |intarfaronce Danslly Gonorated ~ s ] -
“5% LNDIUM Fesder Links Ints LMDS Recalvors
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WG2/48 (1ov. 4} 9715794
MSS Fasdne Unk Interferance into LMDS Recoivors

1 |Working Group 2: Computation and Modeling Ad Hoc Committee 9/19/94
2
3 [LMDS System Parametars
_4 |Systam Proponant 71 Dig Sub_F1 HITYR
5_jLink . Sub to Hub Hub 10 Sub
8 [Modulstion TN GeK
2 Oigltal Oete Rate - 53 Mbns
"8 |Channel Bandwidih —= S5 | ss" Mbps
_B_|Antanna Pattarn Used Pv;;::\:‘:q .
10 |Dato/Revision of Systom Paramoters
! y. ] ' 0/16/04 Rov 3
12 (Fooder Link System - s —
E - PRV P SO
58
87 |ES sngle itom boresight degreas 5 )
58 [Esrth Statlon Output Power (no tain) dBWl/channgl XEN) W i 12 - 4 . - 10 ‘ 22 24!
D 1Slant Path Length km 357411 133 33 “ L WAy 1) Nd. 212, 012,
60 _{Powat Control {slant path) a8 1.5 0.0 1, 100‘ - 2741, 2328, 17324 1008.
1 |Antenns Galn an s 70 & -5 “- ;.f ‘cl ‘;u
2 {Single Channel BW MH¢ 4375 3378 YiE] - L : -0, 10,
83 |Number of Interfering Channals a8 & 3 a7 4,37 4.37} 4.37 4.378
84 1LMOS Racelver Bandwidth MH? 52 ¥ 3 3 W 0 0
65 JIntardarance Density Subtotal (clear sky) dBwWH: 68.0 769 .82.0 409, .M‘o 9 : ,gé 932
86 [Raln Rate mm/hr Nol Used Not Used Not Used Not Used Not Used Not Used Nl Used . |Not Und. '
:; ??:T o;:::\h“" h 1ol ol tot Used Mot Used _ [NotUsed _ [Not Used Not Used NotUsed _ |Not Used Not Usod
6B |Path Len tough tain km Mot Used Not Used Not Used Not Used No
§9 [Anin Attonuation @ T I 3 = t Used Not Used = Not Used Not Usad
70 [Power Control {rein) @ Tyl 150 18.0 ol %0 -u'% -TS‘_; .
71 [Intarfarance Density Subtotal (rein on signal psth) dBW/H1 .53.0 61.9 772.0 T98.3 s : O
72 [Notes: - 87,8 :60.0 -82.2
73| Antenna Qain is the maximum slavatlon pattarn gain In the direction of the LMOS receivar Wi
74 tha esrth station Is pointing In the diraction of tha LMDS rocoiver
76 | Antenns Qaln g 32.25 *logithets) |
76 Powar Control {slant path) is the difterence In EIAP raquired 1o 0lfsat tha peth loss asong th
17 Eb/NO st the sataliite recelvar
781 The dsisult slant poth (0 dB power control) Is for 8 10 degroo afavation anglo .
79| Toist Powat Control {rain plus alent path) cannot axcead 24,8 dB
8 Intariatence Density Subtotel calculsied based on AWGN assumplion .
] ~may be 8 low estimate of Interfarance N - v -
2 | Un*Model used for raln stienustion on interferance path - - —
31 Assume raln lade of 18 48 on antaliite sipnet path o - B e —
4 [ Maximum raln coll 4 km long - . R
85 _ | o
ae -————
87 |LMDS Racelver Antenns Galn p> " -
98 |_Borasight - de! . ] P bl 3
89| 8 Dogres Sidalobe i 1 TR el imiaaiaa [
90 | 45 Dagres Sideloba dei o _I5 PR PUURUTRRpUI PO
91 180 Degrea Backiobe dai 15 .
2 [Notat . N .
93 | Negative margin.indlcatas C/(N + 1} objeetive not met at 1 km separation N -
B4 ) Al path loss velues Indlents positiva loss Inegativa gainl ragardiass ofsign 1 . O AP, -
95 (LMDS Signal: clear sky, Satellite Signat: clear sky '
96 |£5 angle from boresight 5 10 20 a8 r 0 1T M
97

LMDS Boresight
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WG2/48 (rnv 4) 8718794
1SS Feeder Link Interferenca Into LMOS Receaivers

1 |Working Group 2: Computation and Modeling Ad Hoe Committes 9/19/94

2

3 [LMDS System Paramaters

4 |Systam Proponant Ti Dig Sub 11 TI Dig #2

5 Jlink Sub to Hub Hub to Sub

6 [Modulstion apsx QPsK

7 |Digitsl Oats Rats 52 Mbps 8.2 Mbps

8 [Channal 8Bandwlidth 52 MH) 5.2 MM2

9 1Antanns Pattern Usaed .|__Froponant Proponant

10 |Dato/Revision of System Paramatars WG 1152 9/16/94 Nev 2 9/16/94 fAsv 3

11

12 [Foader Link Systam -

!3 - o

98 Requited Path Loss d8 141.2 -132.2 :122,1 .107.9 <188, <158.2 148, +131.9
99 Margin at 1 km {(clear aky) 48 19,2 +10.3 0,2 14,0 .43, a4, 24, 10.0
100 Requited Separation (claat aky, no radie horizon) km 8.4 3.2 K 0.2 a7, 48.¢ 1.0 3:1
101 Margin at 1 km {3.7 dB rein attenustion on intarferance) g8 -15.8 +8.6 3.5 12.2 <13, .30. 120, 6.3
102 Required Separation {21 mm/ht tain on Intarfarence up 10 4 km) km 2.8 .8 0.? 0.2 21, 8. 3. 1.8
103| Path Loss Allocstlon: .
104 free Space dB 1307 126.0 1192 107.2 148, 140. 132.8 128.
105 Atmosphare d8 0.3 0.2 0, 0.0 s ' 0.8 0.4 0.
1081 Rain dB 10.2 6.0 2.8 0.7 14, 14.8] 12,9 X
107] LMDS 8 degres Sidelobe - =
108 Required Peth Loas da 144.2 132.2 122,14 +102.0 +1412. +133, 123, <109.8
109 Margin st 1 km (clear sky) d8 +19.2 «10.3 0.2 14.0 49, W11, N 12.4
110 Requited Separation {(clear sky, no tadle hotizon) km 8.4 k 1.0 0.2 ), 3. . 0.2
(XK Margin at 1 km (3.7 dB r8in sttenudtion on intarfsrancal 48 15,5 .8, 3.8 12.7 47, 8, s 18,
112 Requirad Sepstation {21 mm/hr rain on Intarferance up to 4 km) km 2.8 0. 0.2 3.0 N 0. 0.
113] Path Loss Allocsation:
114 Free Space d8 130.7 128.0 119.3 10?, 131.4 122.0 120.8 108.7
116 Atmosphoro a 0.3 0.2 0. 0.0 0. 0.2 0.1 0.0
118 Raln db 10.2 8.0 2.8 0.7 11, 8.7 3.2 0.6
117] _LMOS 46 degree Sideleve . . J [
178[ " "Roquired Path Loas dB o 1412 32,3 122, 1107.9 -138. .128, 118, -101.8
119 Margin ot 1 km (clear sky d8 :19.2 -10.3 -0, 14.0 13, -4, . 200
120 Raquirad Sepstation {clenr tky, no radio hotizen) km 8.4 J. 1.0 0.2 A, 1 0. 0.1
121 Margin at § km (3.7 dB raln sttenuation on Interfaranca) d8 155 -6.8 " 3.8 12,7 9.8 .0, 0. 33,7
122 Raquited Saparstion (21 mm/he rain on lnterlerence up to 4 km) km 2.8§. 1.6 0.2 0.2 2.0 1.0 0.4 0.1
7220 Poth Loas Allocation: — _
54| Fres Space T 130.7 128.0 V19,3 107.2 127.7 121, 1148 101.5
125 Atmosphers [o1:] i 0.3 0.2 0. 0.0 9.2 0. 0.0 0.0
126 Raln d8 10.2 8.0 2. Q.? 7.2 3. 1. 0.4
{271 LMDS 180 degres Backiobe

128 Required Path Loss da 141.2 132,2 122,10 107.9 +138. -128,1 1186, -101.9
129 Margin 8t 1 km (cloar tky) a8 21921 2102 0.2 14,0 13, o4, . 20.0
130 Requirad Separation (clasr sky, no tadio horizeni km 8.4 3. .0 0.2 4, 1. 0. 0.1
KK Margin at 1 km (3.7 d8 rain sttonuation on intecferanca) d8 o 158 .8, .8 17, K] :0. [} 23.7
732 Raquired Saparstion (21 mm/he rain on interlarencs up Lo 4 km) . km | 2.0 1, 0.? 0.2 .0 1.0 0.4 0.1
133| Peth Loss Attecation:

134 Free Space - dB 130.7 126.0 119. 107.2 127, 122.2 114.8 101.§
138 Atmosphete dB 0.1 0.2 0,1 0.0 0. 0.1 0.0 0.0
138 Asin db o 10.2 8.0 2.8 0.7 7. 3.8 1.8 0.4
137 ! SRR, (R

138

129|LMDS Signal: raln Satellits Signal: raln

obed
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WG2/AR trev. 4) 9119/94
SAAR Fanctar Lok Intacdtaremen tatg LMDS Racrivers

1 [Working Group 2: Computation and Modeling Ad Hoc Committes 9/19/94 |

2
1 LMDS System Patamators

4 [System Proponant _: Ti0Dig Sub 1! TiDig #2

5_|Link Sub 1o Hub Hub te Sub

8 [Modulatlon QpPSK aPsX

7 _{Dlgital Dats Rate 52 Mbps 5.2 Mbps

8 [Channsl Bandwidth 52 MH!t 8.2 MH:

9 jAntenna Patisrn Used Proponent Proponent .
10 [Date/Revision of System Paramaters WG 1752 9/16/94 Rev 3 ___ 0/16/94 Rav 3

11 =

12 [Feadet Link System

13
140/ES angle lrom berssight e 5 10 20 Y % 10 10 a8
141" LMDS Boresight R N S
142 Requitad Path Loss db ] +163.7 +154.8 144,27 <1230, 187, 178, ~168. 184,
143 Margin st 1 km (clesr sky) d8 -41.0 .32.9 .22.8 .8, 88, NIX 48.8 32,
144 Required Separstion (clear sky, no radio hotizont km 61.5 3 12, . 199.4 140, 84.0 30.
145 Margin ot 1 km (3.7 dB rein stianuation on interferencel dB -30.9 229.2 19, .4, 82, 83, 43, 228,86
146 Required Separation (21 mm/hr rain on interfarance up to 4 km) km 18.9 7.7 3. 1.4 107.¢6 3. 28. 7.4
1471 Path Loss Allocation: e 3

148 Fras Space dB 147.3 139.5 132.2 128.0 162.4 187.9 181,2 139.2
149 Atmosphete d8 ‘.9 0.8 0.3 0.1 10, 8.4 3.0 0.7
160 Raln 48 _ 14.5 14,5 121 5.3 14, 14.5 14,8 14.5
151| LMDS B degree Sidelobe .

152 Required Path Loay de 163.7 -154.8 .144.2 «130. +168.3 .186.4 “148.3 132,
153 Margin 8t 1 km {(clear sky) d8 41.8 :32.9 +22.8 .8, 43,4 +34 24,4 0.
154 Requirad Separstion (clear sky, no radio horiton) km 61.5 N 1 . 88. 38, 14,2

155 Margin st 1 km (3.7 dB rain attanustion on Intarference) dB -38.1 «29.2 18, .4, 39, .30. .20, K
156 Required Saparation (21 mm/he rain on intarferancs up 10 4 km) km 18.9 7.7 3.3 1,4 N3 $. 3.8

157{ _Path Loss Allocation:
158 Fres Space d8 147.3 139.8 132.2 125.0 148, 141, 132.9 126.0
159 Atmosphere g8 1.9 0.8 [ % 0.1 . 0. 0.4 0.
160 Rein dB 14,5 14.8 12 8.3 14, 14, 13.0 S.
181[ IMDS 45 degree Sidelobe

182 Required Path Loss 144, +130. 487, .148.8 +138.7 24,
183 Margin ot 3 ken (clasr sky! +.22 .8, +d +26.9 16, .2,
164 Requlred Saparation (clast sky, no radio horizon) 12,1 3. x) "
185 Margin at:t km (3.7 48 rain attenuation on Interference) 18, -4, .32, 23, 19, 1.
168 Requited Separation {21 mmihr rain on interferenca up to 4 km) 3. 1.4 0.4 4,0 4 0.9
167] Path Loss Alloeation:

168 Frae Space $32.2 128.0 ‘02,2 131.9 129. 121.0
168 _ Atmosphare 0. 0. 1ol 0.4 0. 0.1
170{ __Reln i 12.1 8.2 14.8 14,8 8. 3.4
171{ LMDS 180 gegres Backiobe
72| "Required Path Loas .144, 130, 187, -148, 4138, 24,5
173 Margin a1 km (claar skyl 23, -8, .28, . 8, 2.6
T74|" " Roquirad Separation [elanr kky, no radie horlzon) 12, . ; : 3
178 Matgin st | km {3.7 dB rain sttanyation 00 tntar{aronte) 19, -4, W82, 3. .13, K1 B
176 Raquired Sepsration (21 mm/he rain on irlerferanco up 10 4 kmi J. 1.4 10.4 4.0 4 0.9
177]  Psih Loss Alloeation:

178 Frae Spacs 132.2 125.0 142,21 133.0 120.5 121.0
179 Atmasphate e T __03 0.1 ) 0.4 0.2 0.1
H ain 12. 5.3 14.5 14.5 8.9 2.4

-gg1- °bea
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WG2/48 trev. 4} 9/19/94
M85 Feedar Link Inte:farance into LMOS Rocelvaers

' {Working Group 2: Computation and Modeling Ad Hoe Committes 9/19/94 L
2 |
3 [LMDS Systern Paramatars
_4 |System Proponant T Dig #2 T3
5 Link Sub to Hub Hub (o Sub
8 _|Modulstion _ QPsSK FM
7 {Oigitsl Dats Rate 5 Mhps NIA
.8 _[Channel Bandwidth USSR DRSS BR: 27 Mscins SUN DU 17 MH2
_8 |Amanna Pattarm Used e L opENONY Y ..-_......._... Praponant [l D
Dota/Revislon of System Paramators VG 1752 9/16/94 Rov 3 9/18/04 Rav 3 il Rt D] B

Fooder Link System

Roquirad Separation (claar sky, Incl, 100 km radio horizon)

ES angle from boresight 5 10 20 48 [] 10 20 48
LMDS racsiver pointing sngle
Botresipht km 122 $.0 i, 0.3 48, 22. 0 18
5 Degres Sidalobe km 127 8.0 0.1 : 0.7 01
A5 Dagree Sidsiobe km 12.7 5.0 0.3 ] 0. 0.3 0.1
180 Degrea Backiobe km 12.7 $.0 0. ] 0. 0.3 0.1
Calculations
LMDS Slgnal Link Careler Lavel at Coll Edge Clanr Sky Rain Conditions : Clost Sky Rein Conditlons
Transmitted Power dBWwWichanaal 222 :22 . N
Transmittst Antanna Qsin d8i 34 34 [ \
EIRP {clenr gky) gBwi/channel 12 12 o )
Power Control (raln} 48 0 12 ) 12
Distancs 1o Coll £dpe km 5 s ] 5
Anln Attanuastion {cell adge) g8 ol A ¢ 18
Fros Space Path Losa (coll 8dgs) d8 :135.8 -138, tN8.8] .138.8 an
Raceivar Antanns Galn d8i 12 1 3] 34
Cartiar Lavel at Cell Edge dBv/ichannal ARRN: 114, ot.8] 104.8
Notes: -
Raln attanustion from WQ1/52 irev. 3) Arienna gaing include pointing ioss Antanng palng Insluda pointing loss
Powat tontrol 18 tha minimum necsssary to Ovarcama rain facs without axceeding mavmurd 7! mar power control: 12 668 TImax posvar costrol: 12 dB
L. —

lintarlarancs Danalty Inte EMDS U B LT L 2 Run Condiligns Sigar Shy [T T Inin Gandittens
30 |k (Bollzmann‘s Constant) dBV/ X/ 2166 3388 2268 Y TO Ea
Recalver Noise Figure d8 ] ) i
Racelver Noiss Temperaturs X 1830 1830 1330
Channel Bandwidth - MH: s 5.2 . 17 "‘.__
Racolvar Nolse Floor dBwirchannel | -128.8) —_ 128 JURNELE X | DO
Minimum Raqulired C/IN + 1) dB per channel VAl - . 13 \ il A
Call £dge C/N d8 e 1700 L 14.0 2 P A1 ] TR I
7 |Call Edge CIN linanr — R 50 28 3 bl &
Roquired C/IN & 1) - lingsi _ 20 20 83
Maximum Aecgpieble Intorfarence d8w:ehannel | -127.0] .134.8 122,
Maximum Acceptabls intarfarencs Oensity dBW/HL 1944 2017 1944 T X

Notes: . - [ S,

intarfarancs Oensity Genectsted o

IRIDIUM Feodar Links inte LMOS Raceivars

abed
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WO AR rev 41 9/19/04
LARS faadar Link Ingacinte e into LMDS Receivers

Y |Working Group 2: Computation and Modeling Ad Hoc Commlttea 9/19/94 |
3 —l.

3 |LMDS System Parsmeters

4 |System Proponent T Dig #2 773

§ jLink

8 |Modulstion SUZLOS:U“ Hubto Sub |

7 |Oigital Data Rats 5 Mbo: EM

8 |Channei Bandwldth 5.9 MH? N/A

9 |Antenns Pattern Used Proponam P::p:\'gq

10 |Onta/Revision of Systam Paramater r

i< y! sramatersy WG 1/52 9/16/94 Rev J 0/16/94 hev 3

12 |Faeder Link System

13

58

57 |ES sngle from borasight dogroes 5 10 20

58 [Earth Station Output Powar (no raln) dBWiichonmal STE E) s = A 10 20 A8
59 [Slant Path Langth km 7410 1328, 17324 7608, TR 2.8 2.8 78
60 |Power Contral (siant pathl g8 1.5 .0 3 = : 2328.1 1732.4 1008.9
81 A.manna Gsin FTY e 35 0 -IO.‘O “- (7).0 .2, 2.2
62 [Singls Channel BW MH1 1.375 4,375 237 2398 33 " 0 -0. :10.0
63 [Numbar of Interfering Channels 48 0 ) ) s - 378 4.37 4.375
64 |LMDS Recelver Bandwidth MH1 T T3 3 S 0 (] [ 0
85 |Intarferance Dansity Subtotsl {clanr sky) FECTCT, =70 - 'e- :0 .97- ."1: -7811 “1; 17
23 f::;&'?e toin cell mm/ Not Used Mot Used Not Usad Not Used Not Used Noi Used Not Used Not Usodmz'd
P TS — km Not Used Hot Used Not Used Mot Used Not Used Neot Usad Mot Used Not U'sad

L ngth through rain km Not Used Not Used Not Used Not Used Not Usad Not Used Net U

69 [Rain Attenustion ud 15 15 5 15 : ot Used Not Used

70 [Powet Control {raln) d8 15.0 18,0 18.0 1501 3 1‘1': 151:

71 |Interiarence Density Subtotsl (rein on signal pathl : . - - = | :
77 |Notes: ! : S SBwiHL 19.9 51.9 48.0 822 54,1 TEN, 732

? Antenns Galn is the maximum olavailon paLlsrn gain in tho direction of the LMDS racolvar ol - e - R

74 he esrth statien I8 polating In the diraction of tha LMOS rocelvor " - -

78 | Antenna Galnls 32.25 *log{thotal -
78 | Power Gontrol {slent path] Is the ditfarance in EIRP required to offsst tha path loss along th
77 £b/No st the satsllite recelvar

78 | The dafault siant path (O dB powar contral) Is for 8 10 degres slavation sngle

70| Total Powar Control (rain plus slant psth) cannot excaed 24.8 dB

80 | Intedferance Density Subtotal calculsted based on AWGHN sssumption -

81 may ba 4 low astimate of Interferance 7

82 Uin Modal usad for tain attanustion on Intartarence path

81| Assume rein {ada of 15 dB on satellite signal paih - = e i |- st e e | = e e e [ e e e e s e | [T S
84 | Maximum tain cell 4 km long - aa
85

1]

87 [LMDS Recelvas Antanna Gain - - <

88 | Borasight dab i3 = = 3

89 | 5 Degras Sidetobs dBi N T -
90 | 45 Dagras Sidelobo d8i 3 -

91 180 Dagrae Backiobe 1] 15

92 |Note: - -

33 | Negstive margin indlcatas C/(N + 1) objactiva not met At 1 ¥m sanaration ] .

94 Al path loss valuas Indicate positive loss [nagative pain) regardingy of sign i."— B

95 [LMDS Signal; cleat sky, Satellite Signat: cloar sky | -

96 |ES angla from boresight 5 Y

57 | LMDS Boresight l b 2 - ! 10 10 A8

-0%1~ °beq



W3E2/48 (rav. 41 9/10/94
PSS Freder Link Interderenco into LMDS Receivers

v |Working Group 2: Computation and Modeling Ad Hoc Committes 8/19/94 | i
, | | T
3 {LMDS System Paramaters |
4 |Systam Proponent TiDig €2 | WE)
_5 |Unk T TSub o Hub [
8 _|[Modulation QPsSK . HUb;& Sub
1 Digital Dats Rato 5 Mhps N/A
8 |Channel Bandwidth - VTR 2 MAr T NN
~9_[Antenns Psitern Usad T T FRionanant Plonono:n
:? Dnla/Rovision of System Paramaeltars WG 152 [916:94 Rev 3 . 9/16/94 Rev 3
12 |[Feoder Link System
Raquirad Path Loss L] NEE s 2 . N 3 -
Margin ot 1 km (cloar sky) dd 23; 13:: ‘2: 1:;: -!.(0.. .1, 3 — 214 : :127.0
Raquired Separstion {elaar sky, no radie horiton) km 12.7 $.0 Y, o.j ‘ X -t 12: :5:1
Matgln st 1 km (3.7 dB raln attanustion on interferance) [ 19.5 10.8 0. . 13'7 ,3.' - - 1.8
Raquired Sepsration {21 mm/ht rain on Interferencs up to 4 kmi km A 2.1 1.0 0'3 13" —y 13 1.4
Path Loss Allocation: . : . 3 1.1
Froe Space [:1:] 132.4 128.2 122, ,
:(:nolphoro dB 0.3 0. ; '“g': “‘:; ng': 132. ] 12; ?
sin d8 T 124 - x
LMODS 8 degree Sideloda 2 L 3.8 L 14 148 10. L1
Requirad Path Loss dB8 1482 +138. . KKS KKF N
Margin a8 ) ke (claar ky] 48 232 ?2; ”-:: 1:;:: ‘.‘:" 1 "S = '2? 1946
Required Separation {clesr aky, no radlo hotizen) km 12.7 5.0 1, 0.9 : : 0.7 12.3
Margin st 1 km (3.7 8B rain attanuation on Intarfsrence) df -19.8 110.6 0.8 13.7 [l : . - elc 20'1
Asquited Separstion (21 mm/hr rain on intarference up to 4 km) km 3.4 2.1 1.0 0.3 - . 1.0
Path Loss Allocation: : = 9.8 0.1
Fres Spaca a8 1324 1281 122, 110,
Atmosphers dB 0.3 0. g 'g g ‘zg' ‘2;'_Q Hg‘: 10;';
Raln a8 ' 2.4 7. 3. 1.0 8 X 2.1 0
LMDS 45 degree Sidelobs - - -
Required Path Loss df 1452 +138.2 .128. d11.0 +130.1 o121
Margin 8L 1 km (clear skyl a8 232 143 A, 10,0 3 )
Requited Soparation (clear sky, no radio horiton) km 12,7 $.0 1. 0.3 | 0
Margln 8t 1 km (3.7 d8B rain sttanuation on intarfaronce) B <105 10.8 0. 13,7 o4 ‘:_
Required Separation (21 mm/ht rain on interferenco up 1o 4 ki xm 3.4 2.1 v 1.0 0.3 1.4 0.?
Path Loss Allocstion: [ o . L
Frao Space dB R 1324 128. 122.2 110.8 124.9 118.7
Atmosphere d8 03 0. 0.1 0.0 [X} 0,1
Asin d0 12.4 1. 3.8 1.0 8.2 2.6
LMDS 180 degree Backiobe § — T _
Aaquired Path Loss e T Tl TTTas 1361 17811 111.9 130.] 121.3
Margin 8t 1 km (glonr sky) 40 23.2] ~ ELXIIN e 0.0 Y
Raquired Sepsration (clesr sky, na radio hortzon) km 12.7 $.0 1 0.3 0.
Margin st 1 km (3.7 dB raln sttenustion on Interferance] d8 19.5 .10.8 . 13 y rn
Raquired Soparation {21 mm/hr raln on intarforance up to 4 *m) km 3.A 2.1 1.0 [] 0.
Path Loss Allocatlen:
Fras Spsce dé 132.4 128.3 122.2 110.8 154.8 . 1187 110.2 08.8
Atmosphare Jdf 0.1 0.2 0. 0.0 0. i 0.1 0.0 0.0
Asin , L] 12.4 1.7 3.8 1.0 :"-‘—-L 2.8 1.0 0.2
LMDS Slgnal: taln Satollite Signnl: rain

-1#1- =2beg



WQ2AR trnv A) 9/18/94
V4SS Foaadar Link Inrasigrance into LMOS Receivars

1 [Woarking Group 2: Computation and Modeling Ad Hoc Committes 9/19/94 |

2 |

3 |[LMDS Systam Parametars |

4 |System Proponent Ti Dig #2 T £3

5 _iLink Sub 16 Hub Hub to Sub

6 [Modulstion QPSK ™M

7_|Digitel Dsta Rats 5 Mops NIA

8 |Channel Bandwidth 5.2 MMz | 17 MH?

9 {Antenna Pattern Used Proponent | Proponant

10 |Dato/Aovision of Systam Parameters WG 1752 9/16/94 Acv 3 0/18/94 Rev 3

11

12 [Fooder Link System -

13 !

1401ES angle from boresight 5 10 20 48 3 10 20 48
141] LMDS Boresight | |
142 Roqulred Path Loss 1] | 1627 -160.8 148.7 +134, 183.3 174.4 164, 15001
143 Margin at 1 km (clesr sky) db { 4584 .36.9 .28.8 .12, 61.4 52.5 "42.4 20,2
144 Roquired Sepsration {clear sky, no radio horizoni km | 73] 43.0 18.0 4. 189.4 1141 83.0 20.4
145 Margln st 1 km (3.7 dB rain stianuation on interferencel dB i 421 .33.2 .23.1 .8, 577 40.8 38.7 34,5
146 Requirad Separatlon {21 mm/hr tain on intarfarence up to 4 k) km { 27.2] 1.8 4.0 1.8 14,8 46.6 0.9 4.6
147] Pnth Loss Afloeation: o | % 1

T8 Fros Space T T 503 143, 131.8 117, 180.3] 165.2 147.8 135.1
149 Atmosphers d8 | 2.7 1.2 0.4 0. 8. 4.7 2.0 0.5
150 Rain -]} | 14.5 14, 14,5 8.6 14, 14.5 14.5 14,8
1561 LMDS 6 degres Sidelobe |

152 Required Path Loss dB i <1672 -158.8 .148.2 134, .1¢0.9 182.0 IR 1277
153 Margin ot 1 km (clont sky) 48 ! -45.8 :36.9 :28.8 12, .39.0 +30.1 .20.0 5.8
154 Required Separation (clear sky, no tadio horizon! km I 79.3 43.0 10.0 4, 50, 24.3 R K]
155 Margin 8t 1 km (3.7 dB tain attanustion on Interfarance) d8 LY :33.2 23,1 :8. +38, 120.4 -18.3 A
158 Aequired Separation (21 mm/hr taln on intarfarence up to 4 km) km 2?7.2 11.8 4.0 X 4.4 % X 3
157 Path Loss Allocation:

158 Fres Space d8 1508 143.4 133.8 122, 128.0 136, 131.0 123.2
159 Atmosphets d8 2.7 1.2 0.4 0. A 0. 0.3 0.1
160 Rein d8 _ V4.5 14,5 14.8 8. 14,8 14, 10.¢ 4.3
181| LMOS 465 degree Sidelobs _—

67| 7 nemmedPantons T T R AL ISUONELTY Y] AORRCLEL I IOV X § SO LT ) ORI 2 | ML TN
163 7 Mnrgin 811 km iclaat sky) 40 458 BTN TN XED AT S5 i e
T84 Requirad Separstion (claat sky, no radio horizan) m 79.3 43.0 18.0 4, 7.4 11.7 4.0 0.8
1651 Margin st 1 km (3.7 dB rain sttenustion on Intgrigrence) L) . 421 -33.2 23,1 8.9 .27.7 .18.8 -8.7 5.5
166 Roquired Separation [21 mm/he rain on interfarenca up 1o A k) km 272 11.8 4.0 1.9 8.8 3.3 1.9 0.6
1671 Path Loss Allocstion: . . : :
788 Fres Space a8 A 1535 143.1 133.8 1271 138.1 132,40 127.2 117.7
168 Atmosphere 48 . 2.7 1.2 0.4 0, 0.7 0.3 0.2 0.1
170| _ Rsin 48 TS 14,6 14.8 5. 4.8 11.9 8.9 2.3
771 TIMDS 180 degree Backiobe o » 34
172 Raquired Path Loss d8 ! 1677 " 188.8 148,7 ~ 134, 1833 1444 134.3 7201
753 Wargin L 1 K Iclest 4ky] 98 T a5 8 .36.9 -28.8 12, 31,4 22,8 124 1.8
174 Required Saparation (clasr sky, No tadio horizon) km | 791 43.0 18.0 4, 7.4 14,7 4.0 0.8
125 Margin ot 1 km (3.7 d8 rain attonuation on interference) dB ! 421 3.2 :23.1 0.9 277 «18.0 47 5.5
176 Roquired Separation {21 mm/ht rain on interference up 10 4 xm) km 27.2 11.6 4.0 1.9 8.6 3.3 1,9 0.6
177 Path Loss Altogatlon: [UEEUS IO . - _ — _
T38| Fras Spnce T P SO A1 1) I L E Iy 133.8 127, 128.3 1321 1271 RN
e R YT i T 7 2.7 1. 0.4 0. 0. 0.3 0. 0.1
180 Roin ¢ i 145 14.5 4.5 [} 14.5 11,8 X 2.3
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PES Fredar

WG48 ey 4) 9/10/84

Lime dmigetnon=2a into LMOS Paceivers

|
| - -
3 [LMDS System Paramatars ) RS ] Rl Rt B LS URUSPYY SRR N SRR R S
_ 4 _iSystem Proponent N T 14
5_|Link Hub 10 Sub
_ 6 |Modulation AM
_7_|Digital Dnta Roto - TN UTT W ot L NIA
__8__ f:‘llgnnnl Bandwlidth i _»_.5_,2_MH1 . 4.2 MHt
9 |Antanna Pattern Used Proponent | Proponant
10 [Date/Rovislon of Syslam Parameters WG 1/562 9/16/94 Rev ) 9/16/94 fyv 3
11 T
12 [Foadar Link Systam ;
13
14 _[Roquited Saparation {claar aky, Incl. 100 km radio harizen)
15 |€S angle from borasight 5 10 20 4
18 {LMDS recaiver pointing angls 2 2 10 20 48
17 |_Borasight km 7.2 2.7 [} [} 13.4 38,9 18.9 3.8
8|5 Degree Sideiobe km 33 2.7 0. 0. 11,4 X y 53
79|43 Dagras Sideiobe km X1 2.9 0. 0. (K] 1.9 0.6 51
_%_9_ 180 Dagres Backloba km 7.2 2.7 0.9 .4 0.2 [ 1.9 0.8 0:1
1 T l
22 [Caleulations —-%
22
24 |LMDS Signal Link Carrler Laval at Coll Edga . R Aain Conditions Claar S'(.‘:I.“—“ Aain Congitions
25 |Transmittod Powar aBWIthannanl i 33 33 - o
26_|Transmittar Antanna Gain d8i . It A ! 12
27 |EINF (cloar sky) d8wiiehannel | | 2 2 i
28 [Powat Control Irain) a8 i 0 3 ) :
29 [Distanca to Celt £dge km 1 [ 1 1
30 [Aain Attenuation (coll edge) dB 0 .8 ) 3
31 |Froa Space Path Loss fcell adpe) d8 sy 121.8 121.8 121.8
32 |Recalver Antanns Goin dBi | ‘2| 12 34 34
33 [Carriat Lavel st Cell £dge dB8\Wichannel | [107.8 -107.8 .80.8 80.8
34 |Notes: |
35| “Rain sitenustion lrom WQ1/52 (rev. 3) |Antenna gang includa polnting loss Anlanna gaing Inglude pointing losi
36 1 Powet control It tha miNIMum nacassary Lo overcoma roin fade without gxceeding maximu~ il max powar control: 12 dB ' Ti max powesr control: 12 dB
37
38 ' N . '
39 [Intarforance Dansity Inte LMDS Cloer Sky Anin Conditiong Clear Sky Asln Conditions
40 [k (Boltzmann's Constant} dBWIK/HL 2228 6 -228, .228. .220,
41 |Racolvar Noiso Figure a8 I .. I, —
42 {Racalver Noisa Temporsture 3 1301 183 1830 1830
43 |Channel Bandwidth MH1 5.2] 5. a8 Fir] E—
44 [Rocaivar Nolse Flaot dBW/thnnne! 1288 +128, +129.4 129.4
45 [Minimym Roquired C/N +1) __ e e e eam e e e —[gB porchonnel N3 SOV AR Y | S e 48 a8 —
"48 | Coll Edga CIN il 2i.0] 1.0 X LY
47 |Call £dge C/N lingat (F1 I IR X 1| I 73011 I - amam
48 [Roqulred CHN D o o e e e _flinone L 20 T T T e 1151 i
49 [Maximum Accoptable Intarforence d8Virchanral T216] NEIN o s v ] R - Naeal
50 |Maximum Acceptabla Intorfaranca Dansity dBwW/H, 188.7 188.7 T194.8 - T —
51 [Notes: ——— U A
52 I
g3 S .
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Harris Corporation -- Farinon Division and Digital Microwave Corporation, filing jointly
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Hughes Space and Communications Company and Hughes Communications Galaxy,
Inc.
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A International Communications Engineering Group

Martin Marietta Astro Space
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Tech, Inc.
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NYNEX Science & Technology, Inc.
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Abstract

This paper investigates the impact of the FSS earth station uplink antenna pattern on the required
separation distance between FSS uplink earth stations and LMDS receivers. It is shown that a
decrease in earth station antenna sidelobe levels along the horizon can reduce the required separa-
tion distance between the terminals under both clear sky and rain conditions by up to one or two
orders of magnitude for the scenarios considered here. In fact, Table 2 shows typical separations
of 100 feet (0.02 miles) at 45 degree LMDS sidelobes may be possible. A reduction in required
separation distance corresponds to a decrease in the size of the LMDS cell area where interference
is received from an individual FSS earth station. A list of additional factors that may contribute to
actual received interference levels lower than the values in the calculations is presented. An
explanation is given of how each factor could reduce the interference. Factors that may limit the
amount of interference reduction are also discussed. Future studies on co-frequency ‘sharing are
suggested to examine the impact of factors not included in previous calculations.



1.0 Intfoduction and Summary of Results

Interference calculations performed as part of the 28 GHz Negotiated Rule-Making Committee
(NRMC) deliberations on interference from FSS satellite uplinks into LMDS receiveis showed
significant potential for interference. Improved antenna sidelobe performance was one of the mit-
igation opportunities identified to reduce the level of this potential interference. In order to be
very confident that its interference study results were achievable, the Committee agreed during
one of its working group meetings to use information on antennas that had been built and tested
rather than those on which only design information was available. Where measured antenna range
pattern information was not available, ITU masks were to be used as a default; for FSS satellite
uplinks, these patterns were specified as the ITU-699 mask. With these guidelines in place,
NRMC calculations were performed using antenna patterns submitted by each of the FSS and
LMDS proponents. In addition to the analyses performed by the NRMC using these conservative
guidelines, it is important to continue to explore potential mitigation that would be achieved by
antenna designs that are thought to be theoretically sound and potentially achievable. Contribu-
tion NRMC/104, “Comments Concerning Earth Station to LMDS Interference Predictions,” sub-
mitted by antenna manufacturer Andrew Corp., indicates that antenna improvements on the order
of 20-45 dB for off-axis angles between 30-90 degrees may be possible. Since contribution
NRMC/104 was one of the many documents introduced to the Committee near the end of its
negotiation period, and it therefore did not have a chance to discuss this contribution, a prelimi-
nary study of the impact of improved sidelobe levels on co-frequency sharing was undertaken.
Calculations piesented here show how improved sidelobe levels on the earth station (ES) uplink
antennas can be uszd to reduce the magnitude of the interference problem. The feasibility ‘of
obtaining these reduced sidelobe levels is not addressed: a determination of the technical and eco-
nomic feasibility should be addressed by the antenna manufacturing community and potential
users of these anfennas. ‘

Results of the analysis presented here indicate that, for the situations studied, application of
improved earth station sidelobes as a mitigation technique could typically reduce the previously
calculated separation distances by one or two orders of magnitude, depending on the extent of the
sidelobe performance that could be achievcd. Boresight separation, for example, could potentially
be decreased from 28.18 miles to 1.80 or 0.32 miles for the two antenna sidelobe performance
improvement scenarios studied. The area of an LMDS cell where an FSS uplink would cause
interference would be reduced by improvement in FSS earth station antenna sidelobe discrimina-
tion.

2.0 Description of Calculations

2.1 Background

The spreadsheet used to calculate the interference from MSS feeder links into LMDS receivers
for the Working Group 2 section of the NRMC final report was modified to allow calculation of
interference from FSS uplinks into LMDS receivers. The LMDS system parameters in the appen-
dix to the Working Group 1 Report are used in the calculations. The Teledesic system parameters
are derived from Figures 6.2-1 and 6.2-2 in the Working Group 1 Report. Calculations are made
for a T1 Teledesic Standard Terminal (TST) interfering into LMDS hub and subscriber receivers
for representative system parameters provided by the system proponents. These representative
cases were chosen to investigate the magnitude of interference reduction when improved earth
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